We present an Interactive Evolutionary Computation (IEC) system that applies user gaze information. Historically, IEC systems have faced the problem of heavy user evaluation loads. Therefore, to solve this issue, we apply a user gaze information approach to solve such issues. When user gaze information is applied to the evaluation of candidate solutions, IEC systems can obtain user evaluation information while they view multiple candidate solutions. In this paper, we verify the effectiveness of the eye tracking IEC system using evaluation experiments with real users. In the experiment, we use a normal IEC system as a comparison method where users evaluate candidate solutions by 10-stage evaluation manually. The experimental results show that the eye tracking IEC method can generate solutions that offer results equivalent to the compared system.
INTRODUCTION
Interactive evolutionary computation (IEC) is used to support product development. While users require products which are functional, IEC systems help designers develop products that can also satisfy their subjective and emotional preferences [1] . Systems using IEC include image retrieval [2] , voice generation [3] , and so on.
Traditional IEC based system suffer from large user evaluation loads of candidate solutions. Previously, we attempted to use a tournament evaluation method that uses paired comparison method to simplify user evaluation [4] . However, this method forces users to evaluate candidate solutions expressly. To solve this problem, some researchers have proposed to apply the biological information of users in their evaluation of candidate solutions. By exploiting the user's biological information such as heartbeats or brainwave, system can obtain user evaluation information as the user is viewing the candidate solutions. Previous studies have verified the effectiveness of this method for obtaining candidate solutions that satisfy user preferences [5, 6] . However, users must wear special devices such as a heart rate meters or electroencephalographs to measure their biological information. For these researches, such IEC systems have been difficult to popularize.
Thus, to solve such issues, we apply user gaze information in the evaluation of candidate IEC solutions. Gaze information includes user's potential preferences and applies various systems for determining user preferences [7] . For applying user gaze information to the evaluation of candidate solutions, IEC systems can obtain user evaluation information by merely having users view multiple candidate solutions. Such a technique is effective for marketing applications that require a good understanding of user's potential preferences. Moreover, the system can learn the user's preferences and recommend various goods that are likely to satisfy them based only on a viewing of the catalog.
Previous IEC systems with user gaze information have been proposed [8, 9] . While their results achieved a certain level of effectiveness, such studies have failed to clearly verify the overall effectiveness of a user gaze informationbased method. Moreover, user motivation is thought to be an issue in the evaluation of objects used in these aforementioned systems. Therefore, we verify the effectiveness of the method with gaze information in terms of the evolutionary performance of candidate solutions. Moreover, we use a genetic algorithm (GA) within an evolutionary algorithm of IEC.
In this paper, we perform an evaluation experiment to verify the effectiveness of the method. We use two methods: eye tracking IEC (E-IEC) and normal IEC (NIEC). In the first method, users see the presented designs by the system. In the second one, they evaluate all designs by 10-stage evaluation manually. The experiment uses the NIEC method for comparison in which users evaluate candidate solutions by 10-stage evaluation and demonstrate satisfactory levels of system generated designs and user evaluation loads.
E-IEC SYSTEM

Schematic of the E-IEC system
Figure1 shows the schematic of the E-IEC system. First, the system generates the initial candidate solutions which are then presented to the user. Then, the user views all candidate solutions, while the system measures user gaze information. When the user finished to evaluate candidate solutions, the system obtains user evaluations. Finally, the system operates GA processing that results in new designs being generated and presented to the user again. The system repeats these operations and creates user preference design.
In the E-IEC system, each candidate solution is evaluated using user gaze information. We use a Tobii Pro X2-30 eye tracker to obtain user gaze information. This device can measure user gaze information at a rate of 30 [Hz] . Figure 2 shows candidate evaluation of the E-IEC. In Figure 2 , the E-IEC system divides the interface into eight areas. First, the E-IEC system measures user gaze positions for each sample (black circles in Figure 2 ) and then counts the number of user gaze positions of each candidate solution. If the gaze position is out of the interface, the system does not measure and count the number of user gaze positions.
For example, when the number of user gaze position samples of each candidate solution are 1~8 , each is equals to 3, 2, 2, 1, 3, 3, 2, and 2. Next, the E-IEC system normalizes these in a range from 0 to 100. Then, the evaluation values of each candidate solution , are 100, 50, 50, 0, 100, 100, 50, and 50. The system uses these evaluation values for GA processing. Figure 3 shows the interface of the E-IEC system. First, a user starts the system and evaluates the presented designs by viewing them. The system receives user gaze information while the designs are being viewed. When a user finished watching the designs, they click the "Next" button and new designs are presented. A user repeats these operations until his/her preference designs generated. Finally, when a user finished using the system, they click the "End" button. Figure 4 shows the experimental setting of the E-IEC system. The user sits in front of the screen and views the presented designs. Conversely, in the NIEC system (the compared system), the subjects input their evaluation values of the candidate solutions using the mouse. 
User evaluation
EVALUATION EXPERIMENTS
We performed an evaluation experiment to verify the effectiveness of the E-IEC method in the view point of evolutionary performance of candidate solutions and the evaluation loads of users. We employ 16 subjects in their 20s university students (6 men and 10 women). In the experiment, the compared system also uses normalized evaluation values of the 10-stage evaluations for GA operations.
Moreover, subjects use the E-IEC system in two patterns (E-IEC 1 and E-IEC 2). In the case of the E-IEC 1, subjects see as many of their favorite designs as they wish after watching all the designs freely. In the case of the E-IEC 2, they see all designs freely while evaluating them. Subjects finished using the system when 80% of the presented designs became satisfactory. Table 1 shows the experimental parameters. The subjects used each system based on the concept that customers will select running shoes designs that they will want to wear to enjoy running. We use running shoes designs as an evaluation object [4] . Each design consists of five parts. Each part has eight designs expressed by 3 bits (gene length: 15 bits). The system can generate 32,768 running shoe designs. We performed questionnaires to survey the satisfaction levels of the generated candidate solutions and usability (i.e., the level of evaluation load) for each system and measured the time by users evaluating the designs for each system. Moreover, we considered the effect of the order in which each system was used, so the use order of the three systems was set randomly for each subject. Figure 5 shows the average and standard deviations of satisfaction levels of the generated designs from each system. The satisfaction levels of the two systems except the E-IEC 2 were approximately 4, whereas the E-IEC 1 was able to generate designs that users can satisfy. We performed the statistical test to confirm whether there were statistically significant differences in the satisfaction levels of each system. However, we made no confirmations when the significance level was 5%. Therefore, the results showed that the three systems were able to generate designs that satisfied the preference of the subjects. Figure 6 shows the average and standard deviations of the usability of each system. The usability of the E-IEC 1 and E-IEC 2 were higher than that of the NIEC. While using the NIEC, subjects had to manually evaluate the designs. However, in the E-IEC system, they can more easily evaluate the designs because they only view the designs. The operation loads of the E-IEC system were smaller than that of the NIEC. Moreover, the usability of the E-IEC 2 was slightly higher than that of the E-IEC 1. This was caused that subjects using the E-IEC 2 system by seeing designs freely. Lastly, psychological loads of the subjects when using the E-IEC 2 were smaller than those of the E-IEC 1. From the results of the statistical test, we confirmed statistically significant differences when the significance level was 5%. The usability of the E-IEC 1 and 2 were significantly higher than that of the NIEC.
EXPERIMENTAL RESULTS
Satisfaction level of generated designs
Usability of the systems
However, some subjects commented that "he/she felt the fatigue with the E-IEC systems because they see the presented designs with a fixed stare." The fixed stare has no difference in the normal gaze for measuring the gaze information. Then, we will revise the experimental conditions.
As a result, the E-IEC system is effective for reducing evaluation loads of users and can generate designs suiting their preferences. 
Evaluation time for using the systems
In an IEC system, the time spent evaluating designs is a significant factor to reduce the evaluation load of users. Figure 7 shows the average and standard deviations of the time spent evaluating the designs for each system. The evaluation time is measured from the point of initial presentation of designs to finishing the evaluations in the final generation. The evaluation times required for the E-IEC 1 and 2 systems were shorter than those required for the NIEC system. This was because subjects evaluated the designs manually in the NIEC. In the E-IEC system, they only view the presented designs or their favorite one.
The statistical testing results showed that when the significance level was 5%, the statistically significant differences of the evaluation times of the system were confirmed. The evaluation times for the E-IEC 1 and 2 were significantly shorter than that of the NIEC.
From the all results, we have confirmed that the E-IEC system can not only generate designs that satisfy users but can also reduce their evaluation loads. Moreover, the evaluation times using the E-IEC system were significantly shorter than that of the NIEC. Therefore, the E-IEC system is effective for creating an easy-to-use and effective IEC system.
CONCLUTION
We presented an IEC system applying user gaze information in evaluating candidate IEC solutions. We performed the evaluation experiments to verify the effectiveness of the E-IEC system. The experimental results show that the E-IEC system is effective for reducing the evaluation loads of users. In future study, we will demonstrate a more effectiveness of the E-IEC system.
